Abstract. The effect of various pretreatments, culture conditions, and storage time on in vitro germination of seeds, as well as the effect of explant origin and plant growth regulators on in vitro propagation of Teucrium capitatum L. (Teucrium polium sp. capitatum Arcang., Lamiaceae) were examined. Seeds, collected from native plants and stored at room temperature for 3, 7, and 12 months, were cultured for germination in vitro in petri dishes with solid half-strength (½) Murashige and Skoog (1962) growth medium (MS) at 5, 10, 15, 20, 25, and 30 8C, and 16 hours light or continuous darkness. Pretreatments, such as cold stratification, scarification with sandpaper, dipping in concentrated sulfuric acid (H 2 SO 4 > 95%), or dipping in boiling water were tested. Seeds without any pretreatment germinated at lower than 10%. Dipping in concentrated H 2 SO 4 for 15 or 20 minutes was the most effective pretreatment, but still seed germination achieved was low (36%). Seeds preserved their germination capacity for at least 1 year, and germinated satisfactorily at a wide temperature range, from 15 to 25 8C (optimum), while photoperiod did not affect seed germination. Explants excised from in vitro-grown seedlings were established in vitro on MS medium with 1.0 mg · L L1 6-benzyladenine (BA) at much higher rates (' '90%) compared with those collected from plants grown from cuttings in a greenhouse (25%), while explants collected from adult wild plants failed to do so. Explants from seedlings showed strong variability in their response; those excised from branched seedlings formed shoots at significantly higher percentage (90%) at the establishment stage (cultured on MS medium with 0.5-2.0 mg · L L1 BA) than explants excised from unbranched seedlings (36% to 43%), while during subcultures on MS medium with 1.0 mg · L L1 BA, explants from branched seedlings also showed higher multiplication rates than those from unbranched ones. BA at 0.5-2.0 mg · L L1 induced shoot multiplication during both establishment and multiplication stages (7-8 and 14-15 shoots per explant, respectively), while kinetin and 6-g-g-(dimethylallylamino)-purine (2iP) were less effective than BA, and zeatin the least appropriate. Microshoot rooting was enhanced by 1-week culture on (½) MS medium with 1.0-4.0 mg · L L1 indole-3-butyric acid (IBA), followed by transfer to auxin-free, (½) MS medium (93% to 98%, 7-8 roots per microshoot), compared with culture on the same medium continuously for 5 weeks (69% to 80%, 5-6 roots per microshoot) or at lower IBA concentrations. Plantlets were acclimatized to ex vitro conditions at 98% on a peatperlite (1:1, v/v) mixture.
L1
6-benzyladenine (BA) at much higher rates (' '90%) compared with those collected from plants grown from cuttings in a greenhouse (25%), while explants collected from adult wild plants failed to do so. Explants from seedlings showed strong variability in their response; those excised from branched seedlings formed shoots at significantly higher percentage (90%) at the establishment stage (cultured on MS medium with 0.5-2.0 mg · L L1 BA) than explants excised from unbranched seedlings (36% to 43%), while during subcultures on MS medium with 1.0 mg · L L1 BA, explants from branched seedlings also showed higher multiplication rates than those from unbranched ones. BA at 0.5-2.0 mg · L L1 induced shoot multiplication during both establishment and multiplication stages (7-8 and 14-15 shoots per explant, respectively), while kinetin and 6-g-g-(dimethylallylamino)-purine (2iP) were less effective than BA, and zeatin the least appropriate. Microshoot rooting was enhanced by 1-week culture on (½) MS medium with 1.0-4.0 mg · L L1 indole-3-butyric acid (IBA), followed by transfer to auxin-free, (½) MS medium (93% to 98%, 7-8 roots per microshoot), compared with culture on the same medium continuously for 5 weeks (69% to 80%, 5-6 roots per microshoot) or at lower IBA concentrations. Plantlets were acclimatized to ex vitro conditions at 98% on a peatperlite (1:1, v/v) mixture.
Teucrium capitatum (T. polium sp. capitatum Arcang.) is a strongly aromatic evergreen dwarf shrub, grown in dry areas of the Mediterranean region from the sea level up to 2000-m altitude. This xerophytic herb has characteristic gray-green hairy stems and bears white flowers in compound heads from April until June (Blamey and Grey-Wilson, 1993) , being a pollen source for bees and other insects. Chemical composition of the essential oils of T. capitatum has been investigated (Antunes et al., 2004; Cozzani et al., 2005; Djabou et al., 2012; Menichini et al., 2009; Miti c et al., 2012) , showing antiproliferative activity during in vitro cytotoxic assay on human cancer cell lines (Menichini et al., 2009 ) and antioxidant and anti-inflammatory activities in vitro (Kerbouche et al., 2015) . Extracts from aerial parts of this plant were also found to contain flavonoids with insulinotropic and antihyperglycemic effects on the lipid and carbohydrate metabolism in rats (Stefkov et al., 2011) . Teucrium polium has also been traditionally used for different pathological conditions such as gastrointestinal disorders, inflammations, diabetes, and rheumatism, while various compounds have been isolated from various parts of it, mainly terpenoids and flavonoids, which possess a broad spectrum of pharmacological properties including antioxidant, anticancer, anti-inflammatory, hypoglycemic, hepatoprotective, hypolipidemic, antibacterial, and antifungal (Bahramikia and Yazdanparast, 2012) .
Apart from medicinal uses, T. capitatum could be introduced as an ornamental landscape plant, suitable for xeriscaping, particularly for dry, rocky places, in calcareous and gypsum soils (Romão and Escudero, 2005) , or for urban green roofs in arid and semiarid areas. It could also be used in landscape restoration of East Mediterranean archaeological sites, due to its continuous use since ancient times in the area, as a medicinal and insect repelling plant (Theophrastus, Historia Plantarum, vol. 9, .
Wild populations of T. capitatum are subjected to pressure because of selective collection for use in traditional medicine and overgrazing, especially from domestic goats, which very frequently select it in their diet (Barroso et al., 1995) , as well as of deforestation and habitat encroachment by urban and agricultural development. Thus, propagation protocols should be developed before expanding the species use.
Seeds of T. capitatum have low (less than 40%) germination capacity (Luna and Moreno, 2009; Luna et al., 2007; Moreira et al., 2010; Romão and Escudero, 2005) and appears to be nondependent on factors that may change with fire, such as heat and smoke (Luna et al., 2007; Moreira et al., 2010) , increased light and soil nitrate (Luna and Moreno, 2009 ) for germination, while there is no report found in the literature about the effect of temperature, photoperiod, or cold stratification and mechanical scarification pretreatments on its germination. Similarly, T. polium has low seed germination (Nadjafi et al., 2006) . The latter, being an endangered species in many countries of the Middle East, where it is widely used in traditional medicine, has been studied as for its possibility for in vitro propagation from ex vitro axillary buds (Al-Qudah et al., 2011) and cryopreservation (Rabba'a et al., 2012) . It has also been reported that micropropagation of the ornamental medicinal Teucrium fruticans from shoot-tip explants (Frabetti et al., 2009 ) and of the medicinal Teucrium stocksianum from hypocotyl explants excised from seedlings germinated in vitro (Bouhouche and Ksiksi, 2007) .
To facilitate the use of T. capitatum as a medicinal and ornamental plant, an efficient propagation protocol should be developed. Propagation by cuttings from native plants would apply extra pressure to wild populations and is limited to certain periods of the year when this species roots satisfactorily . Neither propagation by seed would be satisfactory, because of the low germination ability. Micropropagation is appropriate for species that cannot be efficiently propagated by conventional horticultural techniques and an important tool to select, multiply, and conserve the critical genotypes of medicinal plants in particular (Debnath et al., 2006; Tripathi and Tripathi, 2003) . Various medicinal plants and plants of Lamiaceae family in particular have been cloned through micropropagation protocols (Aicha et al., 2013; Chaturvedi et al., 2007; Debnath et al., 2006; Gonc xalves and Romano, 2013; Santoro et al., 2013; Shtereva et al., 2015; Zuzarte et al., 2010) . Moreover, germination of seeds in some species, which show low or no germination using conventional techniques, due to dormancy or specific germination requirements, could be greatly increased using in vitro methods (Fay, 1994) .
In the present study, seed germination and clonal propagation of the species were investigated in vitro. Seed pretreatments, such as cold stratification, mechanical and chemical scarification, and incubation conditions, such as temperature and light, as well as storage period, were investigated as for their effect on germination. Moreover, micropropagation of the species was studied using explants of different origin (seedlings grown in vitro, mature, native, and greenhouse plants) for culture establishment, testing various cytokinins for shoot growth and proliferation, as well as examining various IBA concentrations and culture times for root induction, to develop an efficient micropropagation protocol for commercial use.
Materials and Methods
In vitro seed germination. Seeds were collected in Aug. 2012 from selected T. capitatum wild plants in the region of ''Diomedes Botanic Garden'' (38°00#39.24##B, 23°38#11.32##E, altitude 157 m) in Haidari, a western suburb of Athens, Greece, and were stored at room temperature. Two months after harvesting, they were surface sterilized by 15% v/v commercial bleach (4.5% w/v sodium hypochloride) water solution with one to two drops of Tween 20 (polyxyethylenesorbitan monolaurate, Merck KGaA, Darmstadt, Germany) for 15 min followed by three 3-min rinses with sterile distilled water and were cultured for germination in vitro, in petri dishes, with ½ MS medium (Murashige and Skoog, 1962) )/8-h dark photoperiod. Stratification for 2 or 3 months at 5°C, before culture at the above temperatures (excluding 5°C) was also tested.
Seeds were also collected in Aug. 2013 from the same wild plants and stored at room temperature. Three months after harvesting, seeds were scarified either using sandpaper (suitable for metal surfaces) for 1 min or by dipping in concentrated H 2 SO 4 (>95%, Fisher Scientific, Loughborough, UK) for 15 min, or they did not receive any treatment (control), before surface sterilization by 15% v/v commercial bleach solution for 15 min and culture for germination in vitro in petri dishes with ½ MS medium, at 5, 10, 15, 20, and 25°C and 16-h photoperiod (as above). In another experiment, 7 months after harvesting, seeds received various treatments: 1) scarification using sandpaper (as above) for 2 or 4 min, 2) dipping in concentrated H 2 SO 4 for 15, 17, or 20 min, 3) dipping in boiling water (100°C) for 1 or 5 min, and 4) no treatment (control), before surface sterilization and culture for germination in vitro in petri dishes with ½ MS medium, at 20 and 25°C and 16-h photoperiod (as above). Twelve months after harvesting, seeds either did not receive any treatment or they were scarified by dipping in concentrated H 2 SO 4 for 20 min, before surface sterilization and culture for germination in vitro, in petri dishes with ½ MS medium, at 5, 10, 15, 20, 25 , and 30°C and 16-h photoperiod (as above) or continuous darkness.
The observation period was 3 months, except of the last experiment held after 12 months of seed storage, which was lasted for 2 months. Five replicates of 20 seeds were used for each treatment and a seed was considered germinated when the radicle was longer than 1 mm. T 50 was also estimated, which is the time needed for 50% of the final germination value, and it is calculated by linear interpolation from the two germination values closest to median germination.
In vitro culture establishment and multiplication. Seedlings that were germinated in vitro were transferred on MS medium with 30 g · L -1 sucrose for 6 weeks to grow and be used as explant source for the establishment of in vitro cultures. Singlenode shoot segments, 1.0 cm long, were used as explants and were cultured initially on MS medium with 30 g · L -1 sucrose and 0.5, 1.0, or 2.0 mg · L -1 BA (first establishment experiment). A number of subcultures on MS medium with 1.0 mg · L -1 BA followed. To clarify whether the growth habit of seedlings (mother plants) affected explant response to in vitro culture, seedlings germinated in vitro were transferred on MS medium to grow for 6 weeks and then single-node explants were excised either from seedlings that formed many axillary shoots (branched seedlings) or from those that formed only one main shoot (unbranched seedlings). These explants were initially cultured on MS medium with 0.0, 0.5, 1.0, or 2.0 mg · L -1 BA (second establishment experiment), followed by four subcultures on MS medium with 1.0 mg · L -1 BA. In each stage, data were recorded separately for explants derived from branched or unbranched seedlings.
Explants for the establishment of in vitro culture were also excised from mature wild plants (grown in the region where seeds were collected), once in spring (April), from various positions upon the shoot (apical, top, and middle), and two times in summer (June and August), from the apical part of the shoot. Apart from apical explants, all the others were of single node. Before explant excision, mother material was washed in water with light detergent for 10 min under stirring, rinsed under running tap water for 10 s, and surface sterilized with 30% v/v commercial bleach water solution with one to two drops of Tween 20 for 10 min followed by three 3-min rinses with sterile distilled water. The explants were cultured on MS medium with 1.0 mg · L -1 BA. Moreover, explants were excised in June from the apical and top part of shoots derived from 5-month old plantlets, produced by cuttings from mature wild plants, and grown inside a heated greenhouse. The sterilization procedure was as described above, with the difference that 15% v/v commercial bleach solution was used. The explants were cultured on MS medium either without plant growth regulators (control) or with 1.0 mg · L -1 BA or zeatin. Seven months later, in January, explants were again collected from the same greenhouse-grown plants, were surface sterilized, following the same procedure, with 30% v/v bleach solution and were cultured either on control or on MS medium with 0.5, 1.0, or 2.0 mg · L -1 BA. The effect of various cytokinin types on shoot proliferation was tested, using singlenode explants, 0.6 cm long, excised from a culture established from in vitro-grown seedlings, during the eighth subculture on MS medium with 1.0 mg · L -1 BA. The explants were cultured on MS medium containing 0.0, 0.5, 1.0, 2.0, or 4.0 g · L -1 BA or zeatin or kinetin or 2iP.
Three replicates of 15 explants were used for each treatment. Data were collected after 40 d of culture. The ''multiplication index'' of each culture was calculated by multiplying the percentage of explants that produced shoots by the mean number of shoots per responding explant, and by the mean length of produced shoots, divided by 0.6, which was the length of explants used for subculture. The ''multiplication index'' gave the proliferation potential of each culture by showing the number of explants that the culture could provide for a subsequent subculture.
Root induction and acclimatization. Microshoots, 1.0-2.0 cm long, produced in the first culture established from in vitrogrown seedlings, during the first until the fifth subculture, were cultured for root induction on ½ MS medium with various IBA concentrations (0.0, 0.5, 1.0, 2.0, or 4.0 mg · L -1 ) either continuously for 5 weeks or for 1 week followed by transfer to ½ MS medium without plant growth regulators for four more weeks. Twenty-five microshoots were used for each treatment, and data were collected after 35 d of culture.
For acclimatization, plantlets were transferred ex vitro into trays (eight plantlets per 500-mL volume tray) with a mixture of peat: perlite (1:1, v/v). The trays were covered with plastic wrap (SANITAS; Sarantis S.A., Marousi, Greece) and placed in a growth chamber (20°C and 16-h cool white fluorescent light 37.5 mmol · m -2 · s -1 ) for 1 week before their transfer to a heated greenhouse. Three replicates of 15 rooted microshoots were used and their survival was estimated at 40 d after transfer to the greenhouse. Subsequently, plantlets were transplanted individually in plastic pots on a mixture of peat: perlite (2:1, v/v) and were fertilized per 45 d with 2 g · L -1 soluble fertilizer (Nutrileaf 60, Miller Chemical and Fertilizer Corp., Hanover, PA) , 100 mL of solution per pot.
In vitro culture conditions. All culture media were solidified with 8 g · L -1 agar and their pH was adjusted to 5.7 before addition of the agar and autoclaving at 121°C for 20 min. Initial culture took place in test tubes (25 · 100 mm) with 10 mL medium, while subculture and rooting took place in 75-mL glass vessels with 20 mL medium (three explants and five microshoots per vessel, respectively), all of them covered with plastic wrap. All in vitro cultures were maintained at 25°C with a 16-h photoperiod at 37.5 mmol · m -2 · s -1 provided by cool-white fluorescent lamps.
Statistical analysis. The completely randomized design was used in all experiments. The significance of the results was tested by one-or two-way analysis of variance and the means of the treatments were compared by the Student's t test at P # 0.05 (JMP software; SAS Institute, Cary, NC). The data on percentage were statistically analyzed after arcsine transformation. The SE of the mean of each treatment was calculated.
Results and Discussion
In vitro seed germination. Two months after harvesting and storage at room temperature, the effect of cold stratification on seed germination was studied. Unstratified seeds germinated at extremely low percentages (lower than 3%) at a temperature range from 10 to 20°C, while no seed germinated at 5 or 25°C. Equally low germination percentages of T. capitatum seeds have also been reported by Luna et al. (2007) and Luna and Moreno (2009) . Cold stratification for 2 or 3 months did not have a significant effect on seed germination, as the maximum germination observed was 7.9% at 25°C for seeds stratified for 3 months (data not shown). Seed germination generally proceeded slowly, starting after 1 month of incubation and continuing until the end of the 3rd month (end of the experiment).
After 3 months of storage, the effect of mechanical and chemical scarification, along with temperature, on seed germination was examined. Seeds were scarified by dipping in concentrated H 2 SO 4 for 15 min and incubated at 25°C germinated at the highest percentage (36%), followed by those that received the same pretreatment and were incubated at 15 or 20°C (22% and 24% germination, respectively), while lower germination percentages were observed at 10 or 5°C (Table 1) . Mechanical scarification with sandpaper for 1 min was ineffective, inducing germination percentages equally low to those recorded by unscarified seeds, while no seed germinated at 5 or 10°C (Table 2 ). The positive effect of acid scarification on germination indicates coat-imposed dormancy. Similarly, in T. polium seeds, the hard seedcoat was considered as the main inhibitor of germination, as acid scarification by H 2 SO 4 (75% v/v) for 10 min or for 5 min combined with soaking in 1500 mg · L -1 gibberellic acid (GA 3 ) for 48 h, also broke dormancy and induced 32% and 34% germination, respectively (Nadjafi et al., 2006) . Coat-imposed dormancy is caused by either the impermeability of the coat to water and/or gases, the mechanical prevention of radicle extension, or the seedcoat, which may prevent inhibitory substances from leaving the embryo or supply inhibitors to the embryo, while the occurrence of polymorphism in species, which exhibit coat dormancy usually allows for a small percentage of seeds to be readily permeable (Kelly et al., 1992) . The ecological significance of impermeable seed includes the ability to rapidly recolonize burnt area after fire and to withstand ingestion by animals and birds (Rolston, 1978) .
Seven months after harvesting, scarification for longer time, as well as dipping in boiling water for two dipping times were tested. Increasing dipping time in concentrated H 2 SO 4 from 15 to 20 min significantly increased germination percentage of seeds (Table 2 ). Increasing duration of scarification with sandpaper from 2 to 4 min did not improve seed germination percentage, which was still similar to that recorded by unpretreated seeds (Table 2) . No seed dipped in boiling water for 1 or 5 min germinated (Table 2) , which was also observed in T. polium (Nadjafi et al., 2006) . Previous reports on heat pretreatments, which consisted of exposure of T. capitatum seeds to 80 or 100°C for 5 or 10 min inside an electric oven, had equivocal results; Moreira et al. (2010) recorded germination percentages from 22% to 39%, while Luna et al. (2007) found extremely low germination percentages lower than 4%.
Twelve months after harvesting, the effect of scarification, temperature, and photoperiod on seed germination was examined. As in the previous experiment, seeds scarified by dipping in concentrated H 2 SO 4 for 20 min germinated at significantly higher percentage and reached T 50 faster than unscarified seeds, which once more germinated at very low percentage (Table 3) . As regard temperature, the highest seed germination percentages were observed at 25°C, followed by 15 and 20°C, while at 30°C, not only fewer seeds germinated but seedlings were dehydrated too (Table 3) . No seed germinated at 5°C, while at 10°C, only scarified seeds germinated at extremely low percentage (Table 3) . Similar temperature requirements have been shown for other Mediterranean xerophytes, 20-25°C for Sideritis athoa (Papafotiou and Kalantzis, 2009b) and Sideritis syriaca L. ssp. syriaca (Thanos and Doussi, 1995) , 20°C for Anthyllis barba-jovis (Morbidoni et al., 2008) , 15-20°C for Coridothymus capitatus, Origanum vulgare subsp. Hirtum, and Satureja thymbra , 15°C for Dianthus fruticosus (Papafotiou Table 1 (Bertsouklis and Papafotiou, 2010) , and 10-20°C for Origanum dictamnus, Salvia pomifera L. ssp. pomifera, and Salvia fruticosa (Thanos and Doussi, 1995) .
Photoperiod had no significant effect on seed germination (Table 3) . Regarding seed germination of other Mediterranean-endemic aromatic plants, C. capitatus was light indifferent, O. vulgare subsp. hirtum had an absolute light requirement, while in S. thymbra, a proportion of the seeds germinated in the dark . Other endemic Labiates of Crete, such as O. dictamnus, S. syriaca ssp. syriaca, S. pomifera ssp. Pomifera, and S. fruticosa, showed an intermediate response toward light, as a result of their intermediate levels of active phytochrome maintained in darkness; seed germination was partially manifested in darkness but it was significantly enhanced (particularly at suboptimal temperatures) by white or red light, while illumination with far-red light (simulating light conditions under canopy) resulted in significant inhibition compared with dark controls (Thanos and Doussi, 1995) .
One year after harvesting and storage at room temperature, seeds not only had not lost their germination ability, but germinated somehow faster (T 50 of unpretreated seeds being 16-44 d at 15-25°C, Table 3 ) than seeds put for germination after 2 months of storage (T 50 = 40-72 d, data not shown). Also age of seeds positively affected germination of other Labiates, in which old seeds germinated at a higher percentage than fresh ones, as already observed by Theophrastus, possibly as a result of the volatilization of essential oils present on the nutlet coat .
In vitro culture establishment and multiplication. During the first establishment experiment from in vitro-grown seedlings, explants gave shoots at high percentages (80% to 87%) at all BA concentrations (0.5, 1.0, and 2.0 mg · L -1 ) used (data not shown), similarly to other Mediterranean xerophytes, as S. athoa and Lithodora zahnii, whose in vitro cultures were also established from seedlings at very high percentages on MS medium supplemented with low (0.2-1.0 mg · L -1 ) BA concentration Kalantzis, 2009a, 2009b) . More axillary shoots per explant (13 ± 0.7) were formed in the medium with 2.0 mg · L -1 BA compared to media with lower BA concentration (6 ± 0.6 in 0.5 mg · L -1 BA and 9 ± 0.7 in 1.0 mg · L -1 BA), while the length of produced shoots was higher in the medium with the lowest (0.5 mg · L -1 ) BA concentration (1.7 ± 0.2 cm vs. 1.0 ± 0.1 cm and 0.7 ± 0.1 cm in 1.0 and 2.0 mg · L -1 BA, respectively). During subsequent subcultures on a medium with 1.0 mg · L -1 BA, which was selected because it gave satisfactory both shoot number and shoot length (i.e., high multiplication index), 7.6 shoots per explant on average were produced averaging 1.4 cm long, but a strong variance of explant response was observed. Thus, some explants produced a few long shoots and others numerous shorter shoots (Fig. 1A) , resembling the growth habit of seedlings (Fig. 1B) that were used as mother plants. Variation in explant response was eliminated as subcultures were going on and explants with high shoot multiplication rate were chosen. According to Marks and Myers (1994) , decisions taken during choice of shoot types in vitro and their manipulation during subculture may affect following performance and uniformity of micropropagated plants. Shoot types or shoot segments with different growth potential should be subcultured separately and uniform treatments should be applied to reduce variability of micropropagated plants.
During the second establishment experiment from in vitro-grown seedlings, the effect of seedling growth habit on the response of excised explants was examined. Explants excised from branched seedlings and cultured with 0.5-2.0 mg · L -1 BA formed shoots at higher percentages than those cultured on a hormone-free (HF) medium, while the opposite was observed in explants excised from unbranched seedlings (Table 4) . Explants excised from branched seedlings formed shoots at significantly higher percentages than explants excised from unbranched ones, when they were cultured on a medium supplemented with BA, while no difference was observed between the two types of explant, when they were cultured on a medium without BA (Table 4) . More shoots per explant were formed on media containing BA compared with HF medium, while the opposite was observed with shoot length, which was greater in HF medium than in a BA containing medium (Table 4 ; Fig. 1C ). Explants excised from branched seedlings and cultured on a medium with 0.5 mg · L -1 BA presented the highest multiplication index (Table 4) .
The effect of seedling type on shooting was so strong that even after two subsequent subcultures on MS medium with 1.0 mg · L -1 BA, explants taken from cultures initiated from branched seedlings responded at higher percentage, gave more and longer shoots and therefore higher multiplication index than explants from cultures derived from unbranched seedlings (Table 5) . It was confirmed that seedling growth habit not only affects explant ability to initiate in vitro culture, but also its ability for shoot multiplication. After four subcultures, differences between the two types of explant had been lessened, but still more shoots were produced by explants excised from branched seedlings (Table 5) . Bud growth and further development in vitro has been shown to be dictated by bud topophysis, and in some cases by the potential growth habit of shoots on the stock plant (Marks and Myers, 1992) . Buds on shoots growing in vitro also express differential growth potential paralleling that of the original explant selection. In Daphne, this growth potential not only affected shoot multiplication and rooting, but also the branching habit of the micropropagated plant ex vitro (Marks and Myers, 1992) . In apple rootstock M.9 too, culture lines of shoots coming from different explants steadily showed different shoot multiplication rate and rooting ability (Webster and Jones, 1989) .
Almost all cultures derived from explants collected from adult wild plants in spring (excluding 20% of apical explants), as well as 40% of the cultures derived from explants collected in summer were contaminated, while the noncontaminated explants did not show any response. Other Mediterranean aromatic xerophytes, as Rosmarinus officinalis, Lavandula latifolia, and Lavandula stoechas also presented difficulties in culture establishment from mature field-grown mother plants (Misra and Chaturvedi, 1984; Nobre, 1996; S anchez-Gras and Calvo, 1996) ; shoot tip and nodal explants of R. officinalis turned brown within 7 d of incubation, excepting 10% of nodal explants, soaked in polyvinylpyrrolidone solution, which remained green and produced axillary shoots after 30 d (Misra and Chaturvedi, 1984) . Explants excised from adult plants may generally present difficulties in culture because of restrictions in growth, their recalcitrant nature, high frequency of infections, high levels of polyphenols diffusion, hyperhydration, and low response level (Bonga, 1981; Zimmerman, 1986) .
Although only 10% of explants collected from 5-month-old plants grown from cuttings in a greenhouse were contaminated, shoots were formed at low percentages (13% to 25%), irrespectively of the cytokinin supplementation of the medium (data not shown). However, significantly more shoots per explant (6.6 ± 1.0) were produced in a medium with BA compared with the HF medium (1.4 ± 1.4) and the zeatin supplemented one (1.7 ± 0.3), while shoot length was significantly higher in the medium with zeatin (4.4 ± 1.3 cm) compared with the HF (2.4 ± 0.3 cm) and the BA medium (1.2 ± 0.1 cm).
Seedlings are the preferred material for use in initiation of cultures when the aim is plant conservation, due to the maximized genetic diversity of produced plants (Fay, 1994) . For introduction of a native plant species as ornamental in natural landscapes, as this of an archaeological site, genetic diversity of plants is also desirable. However, when a plant is propagated for general ornamental use in the horticultural industry, or for medicinal use, it is preferable to use selected genotypes as mother plants rather than seedlings with unknown potential. The initiation of in vitro cultures from adult wild plants of T. capitatum was not successful, but this could be possibly overcome if an intermediate stage was inserted, that could possibly cause ''rejuvenation'' to tissue of explants (Ballester et al., 1990; Pierik, 1990) and also reduce contamination risk. Thus, plantlets of selected adult genotypes could be produced by cuttings, remain for growth inside a greenhouse and be used as explant source for culture initiation.
Shoot multiplication was affected both by cytokinin type and its concentration added to the medium. All explants produced shoots in all combinations tested, excepting 4.0 mg · L -1 zeatin and 1.0 and 2.0 mg · L -1 2iP, where a few explants did not respond (Table 6 ). Proliferation ranged from 3.9 to 15.0 shoots per explant depending on the cytokinin treatment, while in the HF medium, only 1.3 shoots per explant were produced (Fig. 1D-G) . More shoots per explant (13.5-15.0) were produced when BA was used, irrespectively of its concentration, as well as with 4.0 mg · L -1 kinetin (Table 6 ). The effective concentration for shoot production ranged from 0.5 to 4 mg · L -1 for BA, 1.0 to 4.0 mg · L -1 for kinetin and 2iP, and 2.0 to 4.0 mg · L -1 for zeatin. Explants were cultured on the HF medium formed the longest shoots, followed by those cultured on a medium containing 0.5 mg · L -1 kinetin or zeatin or 1.0 mg · L -1 2iP (Table 6 ). Shoot length was decreasing by increasing cytokinin concentration (Table 6 , Fig. 1D -G), as it has been previously reported for a number of plants Sahoo and Chand, 1998; Sarwar et al., 1998) . The highest shoot multiplication index was recorded on media containing 0.5-2.0 mg · L -1 BA or 1.0 mg · L -1 kinetin or 2iP and the lowest in the HF medium (Table 6) .
A necessity for cytokinin for high shoot multiplication rates was revealed. BA at a wide range of concentration (0.5-2.0 mg · L -1 ) was more appropriate for shoot multiplication than kinetin or 2iP, because it gave more shoots per explant and higher multiplication index, while zeatin was the least effective. Higher shoot promoting ability of BA compared with kinetin has also been reported for the Labiates S. fruticosa (Arikat et al., 2004) , R. officinalis (Misra and Chaturvedi, 1984) , Thymus piperella (S aez et al., 1994) , Thymus satureioides (Aicha et al., 2013) , and Ocimum kilimandscharicum (Saha et al., 2010) , and in S. athoa, BA induced higher shoot production compared with 2iP (Papafotiou and Kalantzis, 2009b) . Moreover, BA promoted shoot multiplication in several Lavandula sp. (Gonc xalves and Romano, 2013; Zuzarte et al., 2010) , while 6-benzyl-aminopurine (BAP) was used in micropropagation of Mentha piperita (Santoro et al., 2013) . In T. fruticans, BAP and kinetin induced similar shoot proliferation (Frabetti et al., 2009) ; while in T. polium, kinetin gave higher shoot production than BA (Al-Qudah et al., 2011) . Kinetin was also suitable for micropropagation of T. stocksianum (Bouhouche and Ksiksi, 2007) and zeatin for Sideritis scardica (Shtereva et al., 2015) , but they were not tested vs. other cytokinins. In other shrubby species of the Greek machia, such as D. fruticosus (Papafotiou and Stragas, 2009 ) and L. zahnii (Papafotiou and Kalantzis, 2009a) , BA was the most appropriate cytokinin for shoot multiplication. For shoot multiplication in T. polium (Al-Qudah et al., 2011) , T. stocksianum (Bouhouche and Ksiksi, 2007) , and T. fruticans (Frabetti et al., 2009) ) and produced 2.0 to 15.0 shoots per explant; however, this effect was not tested vs. an auxin-free medium. In T. satureioides (Aicha et al., 2013) and S. athoa (Papafotiou and Kalantzis, 2009b) , BA or kinetin alone induced higher shoot proliferation than when it was combined with a low concentration of auxin. In the present work, auxin along with cytokinin was not used because shoot multiplication was very satisfactory (Table 6 ; Fig. 1D -G) in the media tried.
Root induction and acclimatization. Microshoots excised from first to fifth subculture of the first culture established from in vitro-grown seedlings (first establishment experiment), differed in their rooting response depending on the subculture from which they originated. This was observed in both rooting techniques tested. Thus, microshoots excised from the first to the third subculture rooted at low (in most cases) and unstable percentages, unlike microshoots excised from the fourth and the fifth subculture that rooted at high percentages (Table 7) . Improvement of rooting capacity as subcultures were progressing has also been reported for difficult-to-root apple cultivars (Noiton et al., 1992; Sriskandarajah et al., 1982) and rootstock M.9 (Webster and Jones, 1989) , pear (Al-Maarri et al., 1994) , Castanea mollissima (Hou et al., 2010) , and Artocarpus heterophylllus (Amin and Jaiswal, 1993) . Hou et al. (2010) found gradual increase in endogenous levels of IAA and slight decrease in endogenous levels of abscisic acid (ABA), cytokinins, and GA 3 after successive subcultures.
Microshoots from fourth and fifth subculture (data shown together) rooted at higher percentages on media containing IBA, regardless of its concentration, compared with an IBA-free medium, whether microshoots remained for 1 or 5 weeks on the root induction medium, while percentage and quantity of produced callus at the base of microshoots were increased while increasing IBA concentration in the medium (Table 8 ; Fig. 1H ). Related species rooted at 100%, after continuous culture on ½ MS medium with 0.5 mg · L -1 NAA for T. polium (AlQudah et al., 2011), 1.0 mg · L -1 IBA for T. stocksianum (Bouhouche and Ksiksi, 2007) , and 0.5 mg · L -1 IBA for T. fruticans (Frabetti et al., 2009) . Regarding other Labiates, S. athoa was difficult to root and best rooting (46% to 53%) was achieved either with 2 mg · L -1 IBA or with 2 mg · L -1 IBA + 1 mg · L -1 NAA, (Papafotiou and Kalantzis, 2009b) , while S. scardica rooted at 98% with 2.0 mg
gibberellic acid (Shtereva et al., 2015) ; T. satureioides (Aicha et al., 2013) and Lavandula pedunculata (Zuzarte et al., 2010) though rooted spontaneously on an HF medium, at 92% and 73%, respectively. Although Lavanders' microshoots are generally easy to root on medium without auxin, the addition of NAA was necessary to achieve a high frequency of root induction in some species (Gonc xalves and Romano, 2013). Duration of culture on root induction medium not only affected rooting percentage but also number of produced roots. This was Table 7 . Effect of subculture from which microshoots were excised and rooting technique on rooting percentage (%) of microshoots excised from the first culture established from Teucrium capitatum seedlings grown in vitro. 100.0 ± 0.0 a 5.6 ± 0.6 fg 1.6 ± 0.13 de 14.7 2.0 100.0 ± 0.0 a 7.6 ± 0.9 ef 1.3 ± 0.08 ef 16.8 4.0 93.3 ± 4.2 b 10.6 ± 1.0 cd 0.9 ± 0.03 g 14.6 Kinetin 0.5 100.0 ± 0.0 a 6.7 ± 0.9 ef 2.3 ± 0.14 b 25.5 1.0 100.0 ± 0.0 a 11.4 ± 1.5 bc 1.7 ± 0.10 cd 32.1 2.0 100.0 ± 0.0 a 10.9 ± 1.3 cd 1.5 ± 0.06 de 27.6 4.0 100.0 ± 0.0 a 14.0 ± 1.2 ab 0.9 ± 0.05 g 21.9 2iP 0.5 100.0 ± 0.0 a 6.7 ± 0.9 ef 1.5 ± 0.08 de 16.8 1.0 93.3 ± 4.2 b 11.9 ± 1.1 bc 1.9 ± 0.09 c 34.1 2.0 86.7 ± 4.2 c 8.8 ± 1.2 de 1.2 ± 0.08 fg 16.1 4.0 100.0 ± 0.0 a 11.8 ± 1.2 bc 1.3 ± 0.04 ef 25.8 BA = 6-benzyladenine, 2iP = 6-g-g-(dimethylallylamino)-purine. z Mean (±SE) separation in columns per each subculture by Student's t test at P # 0.05. Multiplication index = shooting (%) · mean shoot number per explant · mean shoot length/0.6. more obvious at higher IBA concentrations. So, microshoots cultured on ½ MS medium with 1.0-4.0 mg · L -1 IBA for 1 week rooted at significantly higher percentage and formed significantly more roots per microshoot than those cultured on the same media continuously for 5 weeks (Table 8 ; Fig. 1H ). About 1-week culture on root induction medium containing auxin, followed by transfer to an auxin-free medium for root growth has also been used in rooting apple microshoots (Lane, 1992; Liu et al., 1991) and those of the endangered difficult-to-root · Malosorbus florentina Papafotiou, 2009, 2013) , improving rooting and preventing callus formation. Although auxins stimulate formation of root meristemoids during the induction phase, they can become inhibitory and block outgrowth of root primordia, once meristemoids have been formed. An auxin concentration that is optimal for one phase may be supraoptimal for the next, because of the differences in auxin requirements among the three phases of adventitious rooting (dedifferentiation, induction, and outgrowth) (De Klerk et al., 1999) . Moreover, when IBA is supplied to the microcutting for a protracted period of time, it may remain present for a long time because of its stability and may then inhibit the outgrowth of root primordia (De Klerk et al., 1990) .
As regard IBA concentration, more roots per microshoot were formed at 1.0-4.0 mg · L -1 compared with lower concentrations 0.0-0.5 mg · L -1 (Table 8 ; Fig. 1H ). Length of produced roots was significantly affected by concentration of IBA. As concentration of IBA was increasing, length of produced roots was decreasing. The greatest root length was recorded by microshoots cultured on IBAfree medium for 1 week and transferred to fresh medium for the following 4 weeks of culture (Table 8 ; Fig. 1H ). Duration of culture on the IBA medium did not affect root elongation significantly (Table 8 ; Fig. 1H ).
Plantlets were successfully acclimatized ex vitro with 98% survival at 40 d after their transfer to the greenhouse, while all acclimatized plants survived after transplantation into pots (Fig. 1I ) and grew vigorously (Fig. 1J ) for more than 1 year. Similarly, high acclimatization percentages were reported for T. fruticans (Frabetti et al., 2009) , T. satureioides (Aicha et al., 2013) , and Lavandula vera (Gonc xalves and Romano, 2013), while plantlets of T. polium (Al-Qudah et al., 2011) , T. stocksianum (Bouhouche and Ksiksi, 2007) , and other aromatics, such as S. friticosa (Arikat et al., 2004) , T. piperella (S aez et al., 1994) , O. kilimandscharicum (Saha et al., 2010) , S. scardica (Shtereva et al., 2015) , and various lavenders (Gonc xalves and Romano, 2013; S anchez-Gras and Calvo, 1996) were acclimatized at little lower percentages (70% to 85%).
In conclusion, although germination capacity of T. capitatum seeds was increased by acid scarification it still remained low. Thus, micropropagation was found more efficient method for commercial propagation of the species. Explant origin was shown as determinant for its success, since explants excised from in vitro-grown seedlings were established at much higher rates compared with those collected from plants grown from cuttings in a greenhouse. Higher shoot multiplication rates and uniform response could be succeeded if initial explants were excised from branched seedlings, BA at 0.5-2.0 mg · L -1 induced high shoot multiplication during both establishment and multiplication stage, and rooting and acclimatization were highly successful.
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